To the editor, Presenilin 1 gene (PSEN1)-linked Alzheimer's disease with cotton wool plaques (CWP-AD) is a rare variant that is often clinically characterized by dementia with spastic paraparesis [4] . CWPs are eosinophilic, round, large, non-cored, and Aβ-positive plaques with minor dystrophic neurites. The clinical heterogeneity of this variant remains unclear. Here, we describe an autopsy case of CWP-AD with a novel PSEN1 mutation that showed slowly progressive cognitive and motor disturbances from the mid-20s with a very long disease duration of about 30 years.
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The proband was a right-handed Japanese woman who initially presented with a decrease of calculation ability at age 25. Her brother initially exhibited slurred speech and bradykinesia at 39 years. Subsequently, parkinsonism, alien hand sign, and dementia developed. He died at 48 years. The proband's mother, uncle, and maternal grandfather showed dementia and/or gait disturbance, and all died at 48 years. None of these relatives was genetically examined.
The proband exhibited muscle weakness of both hands and forgetfulness at 26 years. Clumsiness in the right upper and lower extremities developed at 30 years. She first went to the department of neurology at a general hospital and was suspected as having AD with parkinsonism. Dysarthria and dysphagia emerged at 34 and 35 years, respectively. Eleven years after the onset, she was admitted to the department of neurology at a university hospital. Neurological examination revealed limitation of upward and lateral gaze, bilaterally increased tendon reflex in all four extremities, bilaterally positive Babinski sign, spastic paraparesis, akinesia, and rigidity of the neck and four extremities. Parkinsonism was unresponsive to L-dopa treatment. She scored 20/30 points on the Mini-Mental State Examination [5] , and on the WAIS-Revised, she obtained a verbal IQ score of 69, performance IQ score of 46, and full-scale IQ score of 54. Baseline blood and cerebrospinal fluid examinations were normal. She could walk without support until 37 years old. Brain MRI at 40 years demonstrated diffuse cerebral atrophy (Fig. 1a-d) . At 42 years, she needed tube feeding due to dysphagia.
99m Tc-ECD single-photon emission computed tomography (SPECT) at 44 years disclosed hypoperfusion in the posterior part of the cingulate gyrus, precuneus, and parieto-occipital cortices (Fig. 2) . Brain MRI at The width of the corpus callosum is reduced (c). The brain stem doesn't show evident atrophy (d). e T1-weighted horizontal and f T2-weighted horizontal images at 54 years. Diffuse cortical atrophy is progressed. The symmetric dilatation of the lateral ventricles becomes evident, suggesting the potential complication of idiopathic normal pressure hydrocephalus in addition to the atrophy of the white matter Tc-ECD SPECT images at age 44. The cerebral blood flow in the bilateral posterior cingulate gyri, precuneus, and parietal and occipital cortices is reduced with left-side predominance 54 years showed cerebral atrophy with severe dilatation of the ventricles ( Fig. 1e and f) . She died of respiratory failure at age 54 after a disease duration of 29 years. No respiratory support was given throughout the course. Her final neurological diagnosis was unclassifiable dementia. The brain weighed 895g before fixation. Macroscopically, severe atrophy in the neocortex (Fig. 3a-c ) and marked depigmentation in the substantia nigra (Fig. 3d ) and locus coeruleus (Fig. 3e) were noted. The pyramidal tract at the level of the medulla oblongata was atrophic (Fig. 3f ) . Histopathologically, abundant CWPs were noted throughout the cerebral cortex (Fig. 4a-g, Table 1 ). Neuritic plaques with dense amyloid cores were hardly noted in any region. Abundant Aβ deposits were noted in the cerebellum (Figs. 4h, 5c , and d) and spinal gray matter ( Fig. 6e and f) . Aβ42 rather than Aβ40 was predominantly accumulated in CWPs and cerebellar Aβ plaques (Fig. 5a-d) . Remarkable cerebral amyloid angiopathy was also noted, although it was hardly related to CWPs spatially (Figs. 4c, g, and 5 ). The distributions of Aβ deposits and neurofibrillary changes were classified as Thal phase 5 [24] and Braak stage VI [1] . Viewing Congo red-stained sections with polarized light did not demonstrate apple green birefringence in CWPs ( Fig. 7a and b) . Neuronal loss associated with the proliferation of GFAP-positive astrocytes and Iba1-positive microglias was remarkable in the cerebral cortex and basal ganglia (Figs. 4a, 7c , d, and Table 1 ). Loss of Betz cells in the motor cortex ( Fig. 6a) and degeneration of the pyramidal tract ( Fig. 6b-d) were evident. Motor neurons in the spinal anterior horns and hypoglossal nuclei were spared in number (Fig. 6d) . α-Synuclein-positive Lewy bodies were extensively distributed, corresponding to diffuse neocortical type Lewy body disease [13] and Braak Parkinson's disease stage 5 [2] . Pigmented neurons in the substantia nigra were severely reduced in number ( Fig. 8a-d) . TDP-43-positive neurocytoplasmic inclusions, intranuclear inclusions, and short neurites were noted in the limbic region and temporal cortex, corresponding to Josephs stage III (Fig. 8e-g ) [9] . No argyrophilic grain, tufted astrocyte, astrocytic plaque, FUS pathology, p62-positive inclusion in the cerebellar dentate nucleus, 1C2-positive inclusion, or pathological 3F4-positive lesion was noted.
Mutational analysis of coding exons and flanking intronic sequences of APP, PSEN1, and PSEN2 using frozen brain tissue demonstrated a novel c.1249G > A mutation (p.Gly417Ser) in exon 12 of PSEN1 in the proband (Fig. 9a) . The mutation is not present in the There was no other mutation in APP or PSEN2. The APOE genotype was 3*4. A functional assay by establishing N2a cells that stably express the PS1 wild-type or p.G417S mutant [7] and sandwich ELISA demonstrated that the expression of PSEN1 p.G417S resulted in increases in the Aβ42 and Aβ42/40 ratio, which were significantly higher than those in wild-type-expressing cells, suggesting that the mutation was likely to be causative in the present case ( Fig. 9b . See details of methods in Additional files 1 and 2 [7] ). The most noteworthy clinical features in the present case were the young age at onset and very long disease duration. It was reported that the mean age at onset in 564 patients with PSEN1-linked AD was 43.3 ± 8.6 years, and that the interquartile range of the disease duration was five to 11 years [19] . In the previous 27 PSEN1-linked CWP-AD cases with sufficient clinical information that we reviewed (Table 2 [3, 4, 6, 8, 10, 12, 14, 15, 17, 18, [20] [21] [22] [23] ), the age at onset ranged from 29 to 58 years (mean: 45.4 ± 8.5 years), and the disease duration was from 3 to 20 years (mean: 9.9 ± 5.8 years) (Fig. 10a-c) . Spastic paraparesis and parkinsonism were described in 15 (55.6%) and 6 cases (22.2%), respectively. As far as we know, the present case showed the youngest age at onset and the longest disease duration. In some CWP-AD cases, neurons surrounding CWPs tend to be spared in number and inflammatory changes are often relatively mild [4, 11, 25, 26] . However, our case showed remarkable neuronal loss with tissue rarefaction in the cerebral cortex. It may be explained by the extremely long disease duration. Interestingly, we recently found a poster abstract in which two siblings having dementia, spastic paraplegia, and the same PSEN1 mutation was reported [16] . Although the information was limited, the ages at onset in these siblings were 32 and 36 years, respectively. To our knowledge, these individuals were not included in our pedigree. As shown in Fig. 10 , the ages at onset in these clinical cases, like that in our case, are relatively young among previously reported CWP-AD cases. What factors besides mutations affect the age at onset and speeds of tissue degeneration and clinical progression in CWP-AD cases remain unclear. However, clinicians should be aware at least that the differential diagnosis of slowly progressive cognitive decline with spasticity and parkinsonism in young adults includes CWP-AD. Fig. 9 Detection of novel PSEN1 mutation and functional assay. a Direct sequencing of PSEN1 exon 12 of the patient demonstrated a novel mutation of c. 1249G > A indicated by arrow, resulted in a missense mutation of p.Gly417Ser. This mutation is predicted as probably damaging with a score of 0.979 by Polyphen-2 and a CADD score of 29.6. b The level of Aβ42 and the ratio of Aβ42/40 were significantly increased in the media of cells stably expressing mutant PS1 of p.G417S compared with those of wild-type. Data were plotted as mean ± SEM (n = 3). **P < 0.01 Table 2 Clinical and pathological features in the present case (case 1) and previously reported 
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Kwok JB et al. (III:28) [10] Cases are shown in the order of the age at onset. m, male; f, female; +, present; −, absent; n.d., not described; n.a., not available; CWPs, cotton wool plaques; diffuse, diffuse neocortical type Lewy body disease [13] ;
limbic, limbic type Lewy body disease [13] a b c Fig. 10 Distribution of the age at onset and disease duration in previously reported CWP-AD cases. a The age at onset in previously reported CWP-AD cases due to PSEN1 mutations. b The disease duration in previously reported CWP-AD cases due to PSEN1 mutations. c The relationship between the age at onset and disease duration in the present case and previously reported CWP-AD. The data of cases 1 to 28 were extracted from the references cited in Table 2 . No significant correlation between the age at onset and disease duration was demonstrated by Spearman rank order correlation analysis when all cases whose disease duration was available were examined (ρ = − 0.101, p = 0.65) or when only previous cases were examined (ρ = 0.058, p = 0.80). These findings suggest that young age at onset is not necessarily a factor that predicts rapid progression or short disease duration in CWP-AD cases. Red solid circle: the present case, purple solid circle: previously reported CWP-AD cases with spastic paraparesis, purple open circle: previously reported CWP-AD cases without spastic paraparesis
